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ABSTRACT
In this work, the compatibility of the babassu and degummed soybean oils to Typhlodromus
ornatus (Acari: Phytoseiidae) was evaluated through the integration of estimates of lethal con-
centration (LC) with non-lethal effects of repellency and population growth rate. Concentration-
mortality bioassays showed that the babassu (LC50 = 5.03 μL/cm
2) and degummed soybean oils
(LC50 = 4.14 μL/cm
2) were approximately 19 and 28 times less toxic to T. ornatus, respectively, in
comparison to its prey Aceria guerreronis (Acari: Eriophyidae). Babassu oil was not repellent to T.
ornatus, but the degummed soybean oil had a repellent effect at different concentrations and
times of evaluation. Additional tests showed that regardless of the concentrations of the tested
vegetable oil, the growth rate of T. ornatus was always positive. From the point of view of
selectivity, babassu oil was more compatible with T. ornatus as it did not present repellency. We
have concluded that both evaluated vegetable oils presented low risk to T. ornatus, and they are
thus indicated as a promising tool to be integrated in management programmes to control A.
guerreronis in coconut plantations.
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Introduction
The coconut mite, Aceria guerreronis Keifer (Acari: Eriophyidae), is
one of the main pests of the coconut, Cocos nucifera L., planta-
tions in several countries of the world (Negloh et al. 2011; Navia
et al. 2013; Rodrigues et al. 2018). In Brazil, A. guerreronis infesta-
tions can cause losses of up to 60% of the harvested fruits
(Rezende et al. 2016). This is due to its colonization, under the
bracts, in the meristematic region of young fruits, where its
feeding causes epidermal necrosis and deformations that can
lead to premature abortion, and reduction of fruit weight and
size, copra (solid albumen) weight, and coconut water (liquid
albumen) volume, which decreases its market value (Rezende
et al. 2016).
In tropical regions, the main method of A. guerreronis control
is the use of chemical acaricides (Monteiro et al. 2012; Silva et al.
2017; Rodrigues et al. 2018). The need for repeated applications
at short intervals can lead to environmental impacts and mor-
tality of natural enemies (Navia et al. 2013). The use of vegetable
oils and their constituents, such as fatty acids, is an alternative
to control pests and it presents low risk to human health
(Tripathi et al. 2009; Isman et al. 2011; Wagan et al. 2018).
Recent studies also report the toxicity of these compounds to
A. guerreronis (Oliveira et al. 2017; Teodoro et al. 2017). In fact,
the babassu, Attalea speciosa Mart. ex. Spreng., and the
degummed soybean, Glycine max (L.) Merr., oils in low concen-
trations controlled A. guerreronis and presented moderate selec-
tivity to the predatory mite Neoseiulus baraki Athias-Henriot
(Acari: Phytoseiidae) (Oliveira et al. 2017). Studies researching
the impact of these products on other species of predatory
mites are necessary, since these arthropods are the main natural
enemies of the coconut mite (Navia et al. 2013).
Typhlodromus ornatus Denmark & Muma (Acari:
Phytoseiidae) is a predatory mite that occurs naturally foraging
on coconut fruits in northeastern Brazil (Navia et al. 2005; Reis
et al. 2008). Although it is considered a type III generalist since
it feeds on alternative resources such as pollen and nectar, in
addition to small arthropods (McMurtry et al. 2013), it is
a potential candidate for the predation of A. guerreronis since
it can consume high densities of this pest in a short period of
time (Freitas et al. 2018).
The selectivity of pesticides to natural enemies should be
assessed broadly. Although effects based on acute mortality
are useful (Stark et al. 1997; Walthall and Stark 1997), they do
not take into account sublethal effects on repellency or popu-
lation growth rate. Arthropods are exposed to sublethal doses
of pesticides for longer periods because of the degradation of
these products after application (Guedes et al. 2008). In this
case, natural enemies may exhibit adverse behavioural stimuli
that make them to escape treated areas that cause irritability
or repellency (Beers and Schmidt-Jeffris 2015). In addition,
sublethal doses of pesticides can hinder the development,
longevity, and reproduction of arthropods, which is why it is
important to evaluate demographic estimates (Stark et al. 1997;
Walthall and Stark 1997). Therefore, the objective of this study
was to evaluate the compatibility of the babassu and
degummed soybean oils to T. ornatus by integrating estimates
of lethal concentration (LC) with non-lethal effects on the
repellency and the instantaneous rate of population growth
of this predatory mite.
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Material and methods
Predatory mites
The rearing of T. ornatus began with individuals collected from
dwarf green coconut fruits in the city of São Luís (02° 35ʹ03″S, 44°
12ʹ32, 14″W), Maranhão, Brazil. The identification of the predatory
mite was carried out by taxonomic keys and the species slides
were deposited in the collection of the Maranhão State University
(UEMA), São Luís, Brazil.
Typhlodromus ornatus colonies were established and kept
according to methodology described by Reis and Alves (1997).
The rearing arenas of the predators were made of PVC disks
(5 cm in diameter) attached to an entomological pin at the centre
of Petri dishes (9 cm in diameter). Distilled water was added to the
Petri dishes until the PVC disks were supernatant, being a physical
barrier to prevent mites from leaving the arena. Cotton wires with
curved transparent PVC (18 × 18 mm) were placed on the arenas
for the shelter and oviposition of T. ornatus. Subsequently,
T. ornatus colonies were fed ad libitum with castor bean pollen
(Ricinus communis L.) and A. guerrreronis. The rearing arenas were
kept at the Entomology Laboratory of UEMA at a temperature of
27 ± 3°C, relative humidity of 70 ± 10%, and 12 hours of photo-
period (Teodoro et al. 2017).
Vegetable oils
The babassu and degummed soybean oils were obtained from the
methodology described in Oliveira et al. (2017). The methodology
used to obtain these vegetable oils did not compromise their
chemical compositions. In the chromatographic analyses, the
babassu oil had lauric, linoleic, myristic, and palmitic acids in
26.16%, 22.64%, 17.91%, and 13.86%, respectively; the caprylic,
caproic, arachidic, lignoceric, capric, and behenic acids contributed
together with 9.94%. Degummed soybean oil had linoleic and
palmitic acids in 58.65% and 16.15%, respectively; the lignoceric,
behenic, arachidic, and myristic acids together represent 3.38% of
the chemical composition of this oil (Oliveira et al. 2017).
Toxicity of the oils to T. ornatus
Spraying of babassu and degummed soybean oils was performed
on the PVC disks (5 cm in diameter) using a Potter tower according
to the methodology described by Teodoro et al. (2017). Spraying
was carried out at 0.34 bar (34 kPa) pressure with an aliquot of
1.7 mL, which resulted in a residue of 1.8 ± 0.1 mg/cm2.
Concentrations were between the lower (0%) and upper limits
(100%) of mortality of T. ornatus. Ten concentrations were used
for babassu oil (0.87; 1.73; 2.60; 3.46; 4.33; 5.19; 6.06; 6.93; 7.79;
8.66 µL/cm2) and seven for degummed soybean oil (0.87; 3.03;
3.46; 3.90; 4.33; 4.76; 5.19 µL/cm2). For each concentration, 10 μL of
liquid neutral detergent was added as an adjuvant (Limpol,
Bombril S/A, Brazil). Seven replicates were used for each concen-
tration. After the vegetable oils spraying, seven T. ornatus adult
females (6–7 days old) were placed on the disks, which were
previously allowed to dry for 30 minutes. Control treatment was
sprayed with distilled water. All bioassays were conducted at
standardized conditions (27 ± 3°C, 70 ± 10% relative humidity
and a 12-h photoperiod).
During the bioassays, predators were fed ad libitum with castor
bean pollen placed on small PVC pieces to avoid contact with the
sprayed surface (Teodoro et al. 2017). Mortality assessment was
performed 24 hours after exposure to different concentrations of
vegetable oils. Mites were considered dead when unable to move
for a distance equivalent to their body (Stark et al. 1997) at the
touch of a soft bristle brush. The lethal concentrations of babassu
and degummed soybean oils to T. ornatuswere estimated through
Probit analyses using the SAS software program (SAS Institute
2002).
Repellency of the oils to T. ornatus
In the repellency tests, we used the LC50 and LC99 of babassu oil
(0.26 and 1.48 μL/cm2, respectively) and degummed soybean oil
(0.15 and 1.39 μL/cm2, respectively) estimated for A. guerreronis
(Oliveira et al. 2017). Spraying was performed using a Potter tower
following the same methodology described in sub-item above. All
bioassays were conducted at standardized conditions as described
before.
For the untreated area, two layers of masking tape were used in
half of the discs, along the spraying, and subsequently removed
(Teodoro et al. 2017). The position of the mites in the treated and
untreated halves was evaluated 1 h and 24 h after exposure. For
each concentration, three replicates were used with twenty pre-
datory mites (6–7 days old). To compare the preferences of
T. ornatus between the untreated and treated areas, frequency
analyses were performed using SAS software (SAS Institute 2002).
Population growth rate of T. ornatus exposed to the oils
Adult T. ornatus were exposed to the LC25, LC50, LC85, and LC99 of
babassu oil (0.16, 0.26, 0.56, and 1.48 μL/cm2, respectively) and
degummed soybean oil (0.08, 0.15, 0.41, and 1.39 μL/cm2, respec-
tively) estimated for A. guerreronis (Oliveira et al. 2017). Control
arenas were sprayed with distilled water. The same methodology
described previously was used for the toxicity experiment with the
difference that two females and one male (6–7 days old both) of
T. ornatus were introduced into the arenas (experimental unit)
after spraying. For each concentration, twenty replicates were
used. Cotton wires with curved transparent PVC (18 x 18 mm)
were placed on the arenas for shelter and oviposition. Castor
pollen was offered as food to adult T. ornatus as described in the
toxicity tests (Teodoro et al. 2017). The number of eggs, imma-
tures, and adults of T. ornatus were counted after ten days of
exposure. Instantaneous growth rate (ri) was estimated from the
following equation: ri = ln (Nf/N0)/Δt, where Nf is the final number
of live mites, N0 is the initial number of live mites, and Δt is the time
interval between the beginning and the end of the bioassay (ten
days) (Stark et al. 1997; Walthall and Stark 1997). Positive ri values
indicate that the population is growing, ri = 0 indicates that the
population is stable, and negative ri values indicate that the popu-
lation is decreasing. The data were submitted to regression analy-
sis using SAS software (SAS Institute 2002).
Results
Toxicity of the oils to T. ornatus
The probit model fitted the bioassay data (babassu oil: Σ2 = 6.96;
P = 0.98; degummed soybean oil: Σ2 = 6.47; P = 0.09), making it
possible to estimate any lethal concentrations (LCs) (Table 1).
The LC50 of the babassu (5.03 μL/cm
2) and degummed soybean
oils (4.14 μL/cm2) were approximately 19 and 28 times, respec-
tively, higher than the LC50 of these same oils for A. guerreronis
(LC50 = 0.26 μL/cm
2, babassu oil, and LC50 = 0.15 μL/cm
2,
degummed soybean oil) (Oliveira et al. 2017) (Table 1). In con-
trast, the LC99 of the babassu and degummed soybean
oils (Table 1) were approximately 12 and 27 times, respectively,
higher than the LC99 observed for A. guerreronis (LC99 = 1.48 μL/
cm2, babassu oil, and LC99 = 1.39 μL/cm
2, degummed soybean
oil) (Oliveira et al. 2017). Regarding the vegetable oils tested on
T. ornatus, a higher toxicity of babassu oil (LC99) was observed in
comparison to the degummed soybean oil (Table 1).
Repellency of the oils to T. ornatus
Babassu oil was not repellent to T. ornatus at any of the concentra-
tions tested (Figure 1(a)). In contrast, degummed soybean oil had
a repellency effect in LC50 and LC99 at 1 h and 24 hours after
exposure (Figure 1(b)).
INTERNATIONAL JOURNAL OF ACAROLOGY 181
Population growth rate of T. ornatus exposed to the oils
The instantaneous growth rate (ri) of T. ornatus decreased linearly
with the increase of the concentration of babassu and degummed
soybean oils (P < 0.05). The reduction in ri values went from 0.16, in
the control, to 0.08 and 0.06 in the LC99 of the babassu and
degummed soybean oils, respectively (Figure 2). Therefore, the
LC99 of degummed soybean oil showed a more pronounced reduc-
tion in ri of T. ornatus compared to LC99 of babassu oil (Figure 2).
Discussion
The toxicity of vegetable oils to arthropods is known (Isman et al.
2011; Teodoro et al. 2017). A previous study carried out by Oliveira
et al. (2017) revealed high amounts of fatty acids in babassu and
degummed soybean oils. In the present work, we verified the
differential toxicity between LC50 of babassu and degummed soy-
bean oils, estimated for T. ornatus and A. guerreronis (Oliveira et al.
2017), which indicates greater tolerance of the predatory mite. This
selectivity may be related to the larger size of the predatory mite
and/or cuticular differences, since the penetration of fatty acid
salts is hindered in phytoseiid mites as their bodies are covered
by shields (Tsolakis and Ragusa 2008; Lima et al. 2013). In addition,
in these organisms, physiological characteristics, for example,
increased glutathione S-transferase activity, oxidative degradation,
and to a lesser extent hydrolytic reactions, are related to acaricide
detoxification (Motoyama et al. 1971; Vidal and Kreiter 1995).
Despite the low toxicity, degummed soybean oil was consid-
ered repellent to T. ornatus, which may be related to the ability of
this predator of detecting substances that can be considered toxic,
thus causing it to move away from the treated area (Beers and
Schmidt-Jeffris 2015). Linoleic acid, found in higher concentration
(58.65%) in degummed soybean oil (Oliveira et al. 2017), partially
explains this result, as this compound is considered toxic and has
a repellent effect on arthropods (Rahuman et al. 2008; Hieu et al.
2015). The physical characteristics of linoleic acid may also explain
the repellency of degummed soybean oil to T. ornatus after
24 hours of exposure. Because it is a long chain unsaturated fatty
acid with a high boiling point (360.55ºC), linoleic acid acts as
a contact repellent and has a longer duration in terms of hours
for Stomoxys calcitrans L. (Diptera, Muscidae) (Hieu et al. 2015).
Similarly, degummed soybean oil also showed a repellent effect in
Neoseiulus baraki after 1 h of exposure (Oliveira et al. 2017).
Additionally, cotton oil also presented repellency to T. ornatus at
1 h and 24 h after exposure (Teodoro et al. 2017). Differences in the
chemical compositions of the oils seem to explain different pat-
terns of repellency. For example, babassu oil showed no repellency
to T. ornatus. Although linoleic acid has also been found in this oil,
the other compounds (68%) correspond to saturated fatty acids.
Despite repelling some arthropods (Mullens et al. 2009; Jones et al.
2012), saturated fatty acids are markedly less repellent than unsa-
turated fatty acids (Hieu et al. 2015). Similarly, coconut oil from
C. nucifera, which has a chemical constitution similar to that of
babassu oil, did not repel T. ornatus (Freitas et al. 2018). Despite the
evidence, more detailed studies should be carried out to under-
stand the synergism or antagonism of saturated and unsaturated
fatty acids in the repellency response to T. ornatus.
The ri of T. ornatus decreased with increasing concentration of
the babassu and degummed soybean oils, nevertheless it presented
positive values, which suggest that the population is growing and
that the natural enemy in question is able to overcome the repellent
effects of degummed soybean oil after 10 days of exposure.
Similarly, Phytoseiulus persimilis Athias-Henriot (Acari: Phytoseiidae)
kept a positive population growth rate when exposed to Acaridoyl
Table 1. Lethal concentrations (LC) in μl/cm2 and μL/mL, 95% confidence interval (CI), of babassu and degummed soybean oils to the predatory
mite T. ornatus based on concentration-mortality bioassays.
Crude oils Slope ± SE LCs µL/cm2 (CI) µL/mL (CI)
Babassu oil
(χ2 = 6.955; n = 322, gl = 44, P = 0.980)
3.35 ± 0.41 LC10 2.57 (2.02–3.00) 50.46 (39.75–58.93)
LC25 3.53 (3.030–3.932) 69.35 (59.49–77.20)
LC50 5.03 (4.60–5.47) 98.76 (90.38–107.40)
LC85 9.85 (8.54–12.21) 193.31 (167.74–239.80)
LC99 17.02 (13.44–27.74) 334.22 (263.85–485.86)
Degummed soybean oil
(χ2 = 6.474; n = 385, gl = 53, P = 0.090)
1.65 ± 0.21 LC 10 1.23 (0.83–1.58) 24.24 (16.27–30.09)
LC25 2.19 (1.74–2.56) 42.99 (34.22–50.27)
LC50 4.14 (3.64–4.41) 81.21 (71.55–86.53)
LC85 9.15 (7.36–12.88) 179.61 (144.60–252.88)
LC99 37.10 (22.93–82.54) 728.43 (450.18–1620.66)
The LC50 of the babassu and degummed soybean oils estimated for A. guerreroniswere 0.26 μl/cm
2 and 0.15 μl/cm2 respectively (Oliveira et al. 2017).
Figure 1. Percentage of T. ornatus in untreated (control) or treated arenas with
babassu oil (a) or degummed soybean oil (b) at LC50 and LC99 estimated for
A. guerreronis by Oliveira et al. (2017) in different exposure periods (1 and 24 h).
Each bar corresponds to the average of twenty replicates while error bars
correspond to the standard error. Significance levels are based on frequency
analyses.
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13SL (Vioryl, Greece), which is a product based on essential oils,
vegetables, and fatty acid salts, considered to be repellent to this
predator (Tsolakis and Ragusa 2008). This result is important, since
T. ornatus populations are mainly found in coconut fruit (Navia et al.
2005; Reis et al. 2008), so these organisms may be subject to
exposure to oils by direct (spraying) and indirect routes (meeting
of treated areas) in the field.
We observed greater reductions in the ri of T. ornatus in LC99 of
the two vegetable oils (babassu and degummed soybean). This
decrease is likely to be related to possible changes in the biological
parameters of the predator, as the exposure of mites and insects to
high concentrations of fatty acids have dissuasive effects on ovi-
position (Gabel and Thiéry 1996; Murungi et al. 2013). In addition,
phytoseiids exposed to acaricides may present decreased mating
rates, fertility, and mobility, and consequently growth rate
(Hamedi et al. 2010; Lima et al. 2013). High concentrations of
fatty acids in LC99 may also have caused the mortality of newly
emerged nymphs, as these compounds have more action in smal-
ler organisms with fine/soft integuments (Tsolakis and Ragusa
2008; Oliveira et al. 2017; Teodoro et al. 2017; Wagan et al. 2018).
In addition, adverse effects on T. ornatus eggs may have occurred,
as the ovicidal activity of fatty acids in arthropods is known (Wang
et al. 2009), and isolated applications of the lauric and linoleic acids
can significantly reduce egg hatching in insects such as
Callosobruchus maculatus F. (Coleoptera: Bruchidae) (Don-Pedro
1990). In this sense, we suggest the use of lower lethal concentra-
tions in the field, such as the LC50 and LC85 of the two vegetable
oils estimated for A. guerreronis.
In view of the above, we conclude that the babassu and
degummed soybean oils present low risk to T. ornatus, which
was demonstrated by its low toxicity in comparison to its prey,
A. guerreronis, and the maintenance of a positive population
growth rate. However, babassu oil is more compatible because it
has no repellent effect on this natural enemy.
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